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(54) Method for anisotropic etching ot copper thin f ilnis with a beta-diketone, a beta-ketolmine, 
or a breakdown product thereof 



(57) This invention provides a method tor anisotrop- 
icalty etching copper thin films for nanofabrication. Sur- 
face modifications in a direction perpendicular to the 
surface of the copper thin film facilitates anisotropic 
etching with a p-dllcetone, a p-ketolmine or a breakdown 
product thereof, such as 1 ,1 ,1 ,5,5.5-hexafluoro-2,5- 
pentanedione (H^ac). The surface modification 
described can be anisotropic copper oxidation by expo- 
sure to a plasma or a directed ion beam. Ion implanta- 
tion can be used to introduce the oxygen into the region 
where copper etching is desired or to damage the etch 
region enough to promote enhanced oxidation in that 
region. Masking schemes are also disclosed for use 
with ion implantation. 
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Description 

•' CROSS-REFERENCE TO RELATED APPLICATIONS 
5 [0001] Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
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[0002] Not appPicable. 
BACKGROUND OF THE INVENTION 



[0003] This invention relates to microfabrication mett,ods, and more particularly to methods for anisotropically etchr 
ing copper thin films tor nanofabrication of integrated dicuits and the like. 
>5 r(W041 Since the advent of sHicon based Integrated circuits, the electronics industry has constantly sought to 
decrease the size of such ciicuils. The effects of continued miniaturization of siHcon based integrated cir«iite are two- 
fold The first effect is physical. As the minimum feature size decreases, physical deposition tediniques fall to provide 
unrfom. coverage and completely fill features. The second effectis electrical As the feature^ 

switch at faster rates, delays due to interconnect resistivity and capacitance (commonly called RC delays) hinder device 

^ rMOsT^^'^e shrinkage of silicon based integrated ciicuits is initiating a change from standard interconnect metallh 
zatton material. Aluminum has been used as the metal of choice due to its ^'^^'^'y 

ease of deposition by physical methods, and its amenabifity to anisotropic etching by RF plasma t«*niques. However. 
^tSe sbe^integmtedTrcute continues to decrease, it has become increasingly difficult to provide uniform coverage 

25 tiy physical deposition of aluminum on a substrate. ^ ^i,.,.^^ «f ^^i^i 

[0006] The lim-rtation of physical deposition to provide uniform coverage catalyzed frie development of chemical 
tapor deposition (CVD) processes. Tungsten has been a preferred metallization material tor CVD P';""^**- ^ee. e^g^ 
Sachdev et al., "CVD Tungsten and Tungsten Sifidde tor VLSI Applications," Sem«onductor Inlernahonal, p^06 (May 
1985) In tungsten CVD. tungsten is deposited via a surface reaction between a halide precursor, WFe or WCIe. and a 
reducing agwrt such as H, or SiH4. The advantage of tungsten is that it is easily etehed anisotropically by fluonne or 
chtorine containing RF pl^mas. However, tiie bulk resistivity of tungsten. 3.5^^. is too la^e tor use as a genera^ 
interconnect material. Therefore, the electrontos industry is looking to other materials which have a low res«tivrty 
(<2 7u«-cm) are able to be deposited by CVD or other techniques which provide tor good step coverage, and are able 
o be anisotr^ically etehed at low temperatures (<150-C) orcan easiV be chemically mechanically polished. 
[0007] Copper fe one material currently used as an Inteiconnect material. Numerous researches have reported 
Successful deposition of copper utilizing various organometallic precu^sors^ ^.f'-J f'I^^ZJ^^^ S[« ii ^ 
60(13). pp. 1585-1587 (1992). and Faricas et al.. Advanced MetaUizal^ H''^' ^"'^Tt^^^Tnt 
(Materials Research Society, Pitteburgh, PA. 1992) p. 527. Grain size, impunties. and resistMty of the deposited film 
can be controlled by processes developed for deposition of copper from ttiese precursors. 

[00081 Farkas ^ al., J. Appl. Phys., Vol. 73, No. 3, pp. 1455-1460 (1993) demonstrated a co^er etthing proce^ 
via a modified copper surface. Utilizing a well known process of chtorinating a copper surface. Fart<as et al. showed 
etching of copper by the following reactions: 

CuCI(8, + PET =» CuCIPET(s, + PET => CuCI(PET)2,g, (1 ) 

Cl2,8) + PET(g,=>Cl2PET(o) (2) 

where PET is triethylphosphine. The first reaction results in the etching of the chlorinated copper film via the remo^lof 
^CuCI species, a^ the ^nd reaction is a competing reaction which competes with the CuCI tor tiie availab^ PET. 
?he chlo^ted layer has been shown by Sesselman et al.. Surface Science. 176. 67 (1986) to be approximate^ 1000 
Xa, 320 K. unfortunately, the copper etehing mett,ods of Farinas et al. are isotropte. that is. horizontal and vertical etoh 

TOMsP ^ uTSent No 5,221 .366 to Roberts et al. discloses a vapor-phase process tor Isotropfcally etching metallte 
layers during ti^e manufacturing of integrated circuits. The process comprises contacting a portion of the 
fE«e to be etehed wrth an effective amount of an etching agent comprising a M'ketone or p-ketoirnine dispersed in an 
atmosphere capable of oxidizing the metal to be removed at a temperature suffk;ient to form a volatile meteWigand com- 
plex. The volatile metaWigand complex is sublimed from the surface thereby etching successive layers of tiie metal. 
Roberts et al. exemplifies isotropfcally etehing copper frem a copper film substrate heated to 240-C tor 30 minutes in 
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the presence of hexafluoroacetylacetone as aWtehIng agent 

rooiOl While Roberts et aJ. teaches a useful method for isotropicalty etching metals, the utility of1iran|srtrop« 
•- Eg meZ fo?SSr cannot be ignored for next generation Integrated circuits. In order to pro^de - -.sJ-P« 

e S s J^e modffica3of the copper film can be made such that the film is only removed '"^'"'^^^^P^^^^^^ 
5 to^ e STdard Hthographfc techniques use a polymer or spin-on-glass mask to protect areas «^ere et^.ng« 

• noT^SS^n the case of RF^^asma processes, ion bombardment in the direction perpendicular to the fi«^ su^ 

not desired, in me race ^ subjected to the flux of ions. However, the copper etching processes descnbed 
n^ ^^rTa';^ e'^^nme^rn fac^ the chemk.1 spedes responsNe for etching wou« dissociate In 

.0 ToSfT^ro^e'^^d^^.:.:^^^^^ - Of molecules s^ as C,. BC^ - 

^n Ld to eteh copper. Other potential chemistries include the combination of ehtorlne and cajbon monox^e^ EaJ 
oTfte^^nlquesr^ults in sutetantial com«ion and/or oxidation of the copper and of etoh masks used to *fine p^- 
S^TS^teZTforthase pmcesses include photoresists or spin^n-glasses. Each of these affonte mtle protection of 

L?::i!Ui^w.e3os).'«^^^^ 

ficiently energetfc to desorb or d«sociate CuCI,. Further, the reference bases the assertion on an SEM analysis, which 
•^ot an ^P'^^,^- et al. discloses a method tor removing a metallc m^er«. frem a 
s~b^Le ^pi^g nadla^g *e substrete with ultraviolet light in conjunction with exposing t*;^-"^™^;^*' « S^!' 
^S?^r3nt iS^uding a metal complexing ligand selected from the 9«>"P °' J^^^*""^ ^ 
tet^mines. so as to fom, a metaHlgand compound, whteh is volatilized and removed from the 

fMI S US Patent No 5.705.443 to Staut et al. discloses a plasma-assisted dry etching process tor etching a mete^ 
[ ' = .MhtiT^). Th^ omcess comorises plasma etching in combinatton with contacting the metal layer with an etch 
L^^nlg m^Sa : r:h'^7-rJo;re sS!^ al. doc2 not d«c.ose or suggest using a plasma to an^otropk:^^. 
lll^Z metanier but rether teaches away from the concept In disclosing reducing plasmas for etching 
r^S? oSnS toreS development, there is still room tor improvement In methods for anfe^P«ally eteh- 
ELr U^totet iS^ion based methods, such as those of Butterbaugh et al. are relatively difficult to conm,l. 
^'r^te JZlol^^Sition can reflect f rem a target surface and damage a non-target surface of the substrate, 
leading to Imperfections In the etched product. 

100161 Accordingly. It is desired to have an improved method lor etching copper. 
(00171 All references cited herein are incorporeted herein by reference In their entireties. 

BRIEF SUMMARY OF THE INVENTION 

rooiSl The invention provides a method for etching copper from a substrate. saM method comprising: anisotropi- 
Sil Ldlzmg sai^^per Jy plasma oxidation or ion implantotion; exposing said oxidized copper to a gaseous envi_ 
relert ^ZS^^gTc^pS^Lnplexing ligand selected from the group consisting of a ^.ketone, a P"'*^"'^* ^"^ 
a SSaW^rjLi* the^. so ^ to torn, a copper-llgand complex; and subliming said copper-ligand complex from 
said substrate to etch said copper from said substrate. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0019J The invention will be described in conjunction with the following drawings in which like reference numerals 
designate like elements and wherein: 

Figs 1 A 1 B and 1 C show a sequence of steps in an integrated etching process according to the im^ention; 
FiQ 2 IS a graph of range versus ion energy for energetic ions interacting with solids; 
F^ide^XevarlatL in profiles asafunction of implant energy While keeplngthep^^^ 

ZTJ:;r^lV^£Z:'^%9e. m a 5000 a copper film after a 300 keV Implantation «,rough a 0.25 ,un 
F^r^Spfctetiie distribution of oxygenina5000Acopperfilmaftera50keVimplantat»^ 
fS 6 depkss ttie oxygen distribution in a 5000 A copper film after successive implan^^^ 

fSs y^TB. 7C ar^TD depfct alternative embodiments of ttie masking various modifications tt,at can be made to 
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-bETAILED DESCRIPTION OF THE INVEINTTION 
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100201 -me copper etching method of the invention comprises anisotropically oxidizing at 

•fiZl^ h« Jrtedand contacBnq the oxidized copper film with an etching agent containing an effective amount of a p- 
■retl^oTSr«.J^nrSrd^e^^^^^^^ reaS with the oxkiized copper to torn, a volatile copper-ligand complex. 
iJSTL eL^ iZ^ Sm me suLe of the copper film »v sublimation, .hereby etching and removing success^* 

[oS^,°* ""^Tp^^'^accoofing to the present irwention can be conducted in a continuous process wherein the 
LJf^ hp J^JiTi^a^in snu followed by the immediate formation of the volatile copper-ligand complex, or in a 
^1 o^S^ ^fit^^l^ process <Sntemplates oxidizing the copper to be etched, and after an Indeflntte 
^,^:fVn;?rntaSng1S SzS^Pper with^^ 

S^'*' JlTferably the method of the invention is effective for removing oxid-.zed copper from a substmte and inef- 
[0022] Preieraoiy, me "^"o" ru«h from a substrate Oxicfized copper reacting with the free ligand forms a 

SLr:"tL!r.:trw;t^'s^'i«^^^^ 

oacetylacetonate or l.1.1.5.5.6-hexafluoro-2,4-pentanedionate) as the ligand is as follows. 

Cu*^ + 2 H*lifac =* Cu(hfac)2 + HjO. 

r00231 The inventors have demonstrated significant etch rates of Cu-^O by Hn^ac f *«"P«'^"r^^^!,!j^ 
S 300oM^rat 200»C) partial pressure of H*hfac of 0.8 torr and total pressure of 7.6 torr wrth the balance oom- 
n^.d ofT K^tec is^S^e wrth only the oxides of copper, reacting substitutionally wrth Cu^^O and d«Proport«n- 

the p-diketone or ^ketoimine compound represented by the formula: 

O R' Y 

II i I) (I) 
- C - CH - C - R' 

^ ■ r,i ^ o3 =r» i^iooBnfW.rrtlw selected from a linear or branched non-fluorinated, partially-fluorinated or fully 
Sa^L^ IvSS^^ror'^j; fluorinated alKyl. aiyi. amlKyl or hydroxyalkyl group having from 1 to about 10 carbon atoms. 



or Y is: 

O 

so II 

Rs - C - CH - C - R' (") 
I II 

R" N - R' - N 



ss 



wherein- and R^ are independently selected from a hydrogen atom, a fluorine atom or a linear or branch«l non- 

lon'Ld. '^nZ fluorinated Z fully fluorinated allcyl or alkenyl group having from 1 to about 8 carbon atoms; and R 
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is a Bnear or branched non-fluorinated. paSRuorinated or fully fluorinated allcylene. alkenylene.^^ne. alkyl- 
pheriytene or hydraxalkylene group having from 1 to about 8 carbon atoms. 

r00251 Formula I reprBsents three distinct types of copper complexing ligands which are each suitable for practiang 
the etching process of the present invention. Each of the three types Is characterized by the definition of the Y group. 
5 When Y is an oxygen atom, the ligand fomiing compound is a P^.ketone. When Y is N - the JsanJ to"";;^ ^ 
■ pound -IS a p-ketoimine. Finally, when Y is represented by the structure according to Formula II. the ligand fom^ng com- 
pound comprises two p-ketoimines bridged by an organic functionanty. - , w„ «,„ «,.ii«urf„„ 
m026} Representative copper complexing figands suitable for use in the present invention include the following 
compounds:4-(2.2^-trifluoroethyl)-imine-1 .1 .1 .5.5.5-hexaflooro-2-penlanone:M2.2.2-trifluoroetivI)Dnino- 
w 1 1 1 2 2 6 6.6-octanuoro-3-hexBnone;6-<2.2.2-trifluoroethyl)lminc^1.1.1. 2.2.3.3.7,7.7-decafluoro^-heptanone:4- 
(oh^rlvlVi^ino-1 1 .1 ,5,5.5-hexafluoro-2-pentanone:4-(2-hydroxyethyl)imino-1 .1.1 .5.5.5-hexafluoro-2-pentanone:1 .2- 
cfi(4-irnino-1.1.1.5.5,5-hexafluoro-2-pentanone)ethane;1,2-di(Wmino-1.1.l.2.2 .6 6.6-ortafluor^^ex- 
anone)ethane:1 .2-di(6-imino-1 .1 .1 ,2.2.3,3.7,7-decafluoro^-heptanone)ethane;bis(4-<melhylene)irrtno-1 .1 
hexafiuoro-2-pentanone)methane: andbis(4-(methylene)imino-1 ,1 .1 .5,5.5-hexafluor«^2-pentanone)me*ano . 
100271 Preferred copper complexing ligands include fluorinated compounds according to Formula I plus certam 
breakdown products thereof. Especially preferred copper complexing figands of the invention include H*hfac (available 
from Air Products and Chemicals. Inc.. Allentown, Pa.) and trifluoroacetic acid. 

[00281 Miketone and p-ketolmlne copper complexing Ogands typically onV remove metals from surfaces rf the 
metals are in their oxidation states obtained through the formation of oxides or hafides of ttie metals^ ^1"^"*^" 
oxidizing environment is indicated in U.S. Patent No. 5.221.366 as being required for P-diketone and 
plexing ligands to react effectively. However, when the metal components to be removed have already been fully oxi- 
dized, the ligand forming compound may be utifized in a neutral environment, for instance jMth only a «»rner^ 
100291 A broad range of substrates are suitable for practicing the present invention and include any substrate capa- 
ble of receiving a copper layer on its surface. The substrate may be any semiconductor substrate material, including sil- 
icon or gallium araenide. The substrate may also be in a m«romechanical device or a retatedfunctional d«v«e^«f'e^ 
suitable substrates include, e.g.. printed circuit boards, flat panel displays, surface mount technologies and ball gnd 
arrays. This invention may be used at many different steps in the semiconductor fabncaton process and silicon ««de 
may cover some or all of the substrate surface. Depending on the specific process step, the sil«on oxide may be a 
doped oxide film, a CVD oxide film, or a thermal oxide film. If a doped oxide film. It may be composed of boron or ph^- 
phorus doped silica glass, phosphorus doped silica glass, boron doped silica glass, orspin-on-glass. If the silicon oxide 
Is a themially grown field oxide, it may be fomned as a result of a LOCOS process. Ateo since th« ^P^I^^-^" ^/ 
at different 4ps. there may be a composite film structure on the siPicon surface. The structure may .«^"* «^ " 
nating layers of undoped sificon oxide and doped silicon oxide. Additional substrates include, but are not limited to sili- 
con, siricon oxide, borophosphosilicate glass, phosphosilicate glass and strontium titanate. The substrate includes a 
35 surface to be etched, preferably comprising a copper film. ,,,»^„«,^, 
[00301 Prior to etching and oxidation, the substrate is preferably masked with an oxidation resistant mask to control 
the etching pattern. The mask comprises an oxidation resistant material, such as. e-S-. sp^n-^lass. CVD deposed 
low temperature oxides, photoresist, or SiO^. SiO.Ny or SIN, deposited by plasma enhanced ch«nical vapor depo«- 
tion (PECVD) The most preferred oxidation resistent materials are those whfch have processing temperature below 
40 200-C. As copper becomes susceptible to thermally induced oxWation above this temperature. It is best to avoid uncon- 

JSl?iV*''^"maS<fe'pre'eiably applied In a photolithographic method: however, other suitable methods for applying 
the mask to the substrate are known in the art. and include, e.g.. screen printing and dir«rt transfer 
r00321 The masked substrate is anisotropically oxidized prior to or simuttaneously with the chelation reacfton which 
4S etches the copper from the substrate. SimultaneousV conducting the oxidation and etching processes reduces the 
amount of oxygen diffusion into the copper layer under the mask, partfcularty in preferred 

Wherein the oxidizing means also breaks down a portion of the copper complexing Ogands to form CF, P^n^tng 
materials, whteh coat and protect non-target surfaces. The ultraviolet irradiation-based oxidation "^^^''^^''Sj* 
Patent No. 5.7B2.986 does not similariy generate passivating materials and is therefore more susceptible to undesirable 

r^37"'"p,iS2'Sation and Ion Implantation are the preferred methods for anisotropically «'f 'z'"9 the copper to 
Leetched. These methods are more precise than the ultraviolet irradiation method of U^. Patent No. 5.7^.986. wh«h 
suffers from the drawback of collateral oxidation by radiation reflected from the target surface onto other surfaces. More- 
over, plasma oxidation allows for control of the ionized oxMatton species on the order of electron volte (eV) 

ss 100341 In plasma oxidation embodiments, a wafer substrate is subjected to an oxidizing plasnf«. RF helical resona- 
tors electron cyclotron resonators or DC biased RF plasmas are non-limiting examples of plasma sources. Oxidant 
fron^ the plasma oxidizes exposed copper. The mask material protects underlying copper from the plasma oxidant and 
minimizes oxidatton of copper In areas under the mask. Process variables, such as substrate bias and temperature, can 
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be optimized to provide uniformity ot copper o^SRi. Since the plasma process will result in only a *e 
copper being oxidized, a sequential plasma process, a pulsed plasma process, or a cydc plasma procesS^BriBin the 
reactive ambient of the chamber cycHcally changes from oxidizing plasma to thermal etching plasma, may be war- 



ranted. 



rdllLBU. 

[00351 It is preferred to nin a mixed plasma with oxygen and H^fac (or another fiuorinated p^ilcetone. fluonnated 
p-ketolmine or a fiuorinated breakdown product thereof) In order to generate passivaJing CF, compounds while oxicfiz- 

ing the target surface. . . . 

iwasi Another method for achieving anisotropic oxidation of the copper metal is ion implantation of an oxidizing 
atom or molecular ion. In this method, the mask material acts as an implant mask to prevent the implantation of oxidiz- 
ing molecules during implantation. Sufficient fluence of oxidizing ions te subjected to the volume of the unmasked mate- 
rial to create cuprtc ions. The oxidatton process in the exposed area can be enhanced by <^^"S^^^'^*l°f 
in the exposed copper by implantation. This can be done with Cu*. or an inert gas ion (e.g.. Ne . Ai*. Ki*. N . Xe^ 
After implantation, the masked water would be subjected to the themial etching process described above. A co-oxidant 
may be optionally included in the ambient to facilitate complete conversion of the copper to cupnc ion. ^ ^ ^ ^ 
[00371 A simple illustration of an integrated etching method of the Invention is shown in Rgs. 1 A, 1 B and 1 C. Sub- 
strate 10 includes a copperfilm 12 whfch is selectively masked with oxidation resistant mask 14. Unmasked portions of 
copper film 12 are anteotropically oxidized to provkJe oxidized copper to be removed 16. while Hnrfac is applied to oxi- 
dized copper 16 to sublimate it from copper film 12. yielding the anteotropically etched substrate 1 0 of Fig 1 C. 
[00381 The invention eliminates several process steps used in a double damascene copper chemKal mechanical 
polishing process. Additionally, the Invention is compatible with cluster tools and ton implantation utilized in the manu- 
facture of integrated circuits. ^ ^„ - ,- I k » K<> 
[00391 The invention will be illustrated in more detail wrtth reference to the foDowmg Examples, but it shouW be 
understood that the present Invention is not deemed to be fimited thereto. 



EXAMPLES 



100401 TRIM 95. a software applicatfon which generates a Monte Carlo simulation of energetk; ions interacting with 
solids was used to generate oxygen ion ranges, straggles, and lateral straggles in the following examples. TRIM 95 is 
a software package produced by J.F. Ziegler at IBM to detemiine various aspects of the interactton of ions with n^er 
during ion implantation. The software is based on the work by J.P. Blersack et al. on range algorithms (J.RBieraacket 
al Nucl. Instrum. Meth.. vol. 174. 257 (1980)) and the wori« by J.F. Ziegler on stopping theory rjfte&oppmgand 
Range of Ions in Matter.' vol. 2-6. Pergamon Press (1977-1985)). Figs. 2 and 3 were cateulated using TRIM 95. while 
Figs 4-6 were generated using the data from the TRIM 95 cateulations. 

[00411 As shown in Fig. 2. there is a considerable arhount of lateral straggle, especially for ion energies between 
50 and 300 keV. which is a range that Is particularly relevant to Implanting of oxygen into 5000 A copperfilms. The large 
amount of lateral straggle could result in undercutting of the masked area during the etch if the implant is not property 

ro&S ' The distribution of implanted oxygen in copper after a variety of implants through a mask opening of 0.25 lun 
was simulated Fig. 3 depicts the variation in profiles as a function of implant energy while keeping the peak concerrtra- 
tion at a constant value (8.5 x 10^2 atoms/cm^). The simulation assumes that the masking material is thick enough to 
prevent oxygen from being implanted below the mask. As the implant energy increases, the full width half maximum 
value of the profile also increases, as expected in light of Fig. 2. At first glance, this might appear to suggest using a 
300 keV implant to make the entire region underthe implant window into CuO since this implant results In high oxygen 
values throughout the film underthe window. However, there are two problems with this approach: (1 ) the tail of the oxy- 
gen dtetribution continues into the material under the copper film; and (2) the lateral straggle may make the use of 

implantation impracCcal for smaller line wndths. 

[00431 The distribution of oxygen in a 5000 A copper film after a 300 keV implantation through a 0.25 jim opening 
is shown in Rg. 4. For comparison, a 50 keV implant through the same opening is shown in Fig. 5. The lowereneigy 
implant produces less lateral straggle of the oxygen. Thus, by going to lower energies, the problem of lateral straggle. 
v,mteh would result in undercutting of the copper film during the etch process, is minimized. This suggests using a 
plasma to oxWize the copper to produce the anisotropte etch since a plasma will typfcally have ions with energies below 
500 eV. 

[0044] Another method that may be attempted to overcome the lateral straggle problem is to pertomi successn/e 
implants at lower energies and lower fluences. Fig. 6 depicts the oxygen distributton after successive mfiptents at 50, 
1 00 and 1 50 keV. The fluences of these implants are below those used for Rg. 3, where the goal was to achieve a con- 
starit peak concentration for each individual implant The successive implant technique has the added advantage of 
keeping the oxygen concentration near the surface close to that needed to make stochiometnc CuO. 
[0045] The mask can be modified to influence the final oxygen ion distribution. Figs. 7A-7D illustrate vanous modi- 
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flcalions that can be made to mask 14. F.^^hov^ an original mask 14 covering copper film 

Mask 14 can be modified to reduce the amount of oxygen that gets into masked portions of copper 

dS^asint the width of the implant window, as shown in Rg. 7B; (2) using multiple masking steps to gjve vanous fhck- 

JSTX mask Within thefmplant window Where the stepped mask region is thin eno^^^ 

S^lanted through these thinner layers, as shown in Rg. 7C; or (3) producing a graded '^l^l^^ 

Z^iLn in Rg. 7D. All of these modificattons will result in changing the final oxygen ion d«tribut«n. in part«ular 

the lateral d'istribufion. j - «. i 

ro0461 Another way to use implantation is to damage (e.g.. pre-amorphize) the copper to be etdied in the implant 
S Thf ^n be «Lxnprish3 with inert tons (e.g.. Ne*. AT. Kr*. tT. N,*. Xe^ or by implanting Cu^ The -on dam- 
TaS^pper can be etched m the presence of a copper complexing Hgand atone or atong wrth an ox.dt.ing agent The 
IxS^ZL damaged region should be signHicantly greater than the copper region that was not exposed to the 

'Slhile the invention has been described in detail and with reference to specific «!«;;P^ 
^nt to one skilled in the art that various changes and modmcations can be made therein wrthoul departing from 
the spirit and scope thereof. 

Claims 

1. A method for etching copper from a substrate, said method comprising: 

anisotropically oxidizing said copper by plasma oxidation or ion implantation: „H.»i-^oHf™« 
exposing said oxidized copperto a gaseous em^ironment comprising a copper ^mpl^c.ng "9f ^ ^e^^J^ 
thegroi consisting of a p^iketone. a p-ketoimine and a breakdown product thereof, so as to form a copper- 

SSSifrS^'id i^per-ligand comptex from sakl substrate to etch said copper from said substrate. 

2. The method of claim 1. wherein said copper is tocated in a copperfilm on a surface of said substrate. 

3 The method of claim 1 , wherein said copper complexing ligand is substantially more effecdve in removing oxkJized 
copper from said substrate than removing neutral copper from said substrate. 

4. The method of claim 1 . wherein said copper complexing Dgand is represented by the structural formula: 

li I II <') 
R' - C - CH - C - R' 



40 Wherein: and are independently selected from a linear or branched "<>"-fl"°""«*t*H'^^«V"*'?fl'l!^l°J 
^Ilv fluorinated alkyl alkenyl or aryl group having from 1 to about 8 carbon atoms; « a hydrogen atom, a fluonne 
^^T^^^^r^S^s^i no7flu'orin'ated. partially-fluorinated or ful^ fluorinated -^^"^^^^ J-"^ 

fmm 1 to about 8 carbon atoms: and Y is selected from an oxygen atom. N - R^ wherein R'' « selectedfmm a 
nrfluorinated. partially fluorinated. or fully fluorinated alkyl. aryl. aralkyi or hydroxyalkyi group having from 1 to 

45 about 1 0 cartx>n atoms, or Y is 



50 



55 



R* - C - CH 



C - R^ 
I U 

r8 N - R' - N 



wherein- R^ R^ and R' are independently selected from a hydrogen atom, a fluorine atom or a linear or bmn^d 
r^rorinated.' partial^ fluorin^ed or fully fluorinated alkyl or alkenyl group having from 1 to *out 8 «*on 
aton^ ari R« is a linear or branched non-fluorinated. partially fluorinated or fully fluorinated alkylene. alkenylene. 
phenyiene. alkylphenylene or hydroxalkylene group having from 1 to about 8 carbon atoms. 
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5. The method of claim 4 .wherein and a^ffg. Is H and Y is O. 

6. The method of claim 1 . wherein said copper complexing ligand is trifluoroacetic acid. 

; 7. The method of claim 1 . wherein said copper complexing figand is a fluorinated p-diketone. a fluorinated p-ketoimine 
or a fluorinated breakdown product thereof, 

8 The method of daim 7. wherein said oxidizing and said exposing are conducted simuteneously, ^^^^""J^^^^^ 
' causes a portion of said copper complexing agent to breakdown to fonn passivating CF, compounds which coat 
10 and protect a copper surface to be retained on said substrate. 

9. The method of daim 8 .further comprising masking selected portions of said substrate with an oxidation resistant 
mask prior to said oxidizing. 

15 10. The method of claim 9. wherein saW oxidizing comprises contacting unmasked portions of said substrate with an 
oxkfizing plasma. 

11. The method of claim 9. wherein said oxidizing comprises implanting oxidizing atoms or molecular ions within said 
sutistrate. 

^ 12. The method of claim 1 1 .wherein inert molecular ions are implanted wtthin said substrate to render said substrate 
susceptit)le to oxidation. 

13. The method of daim 9. wherein said oxidizing comprises bombarding unmasked portions of said substrate with an 
25 ion t>eam. 
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PROJECTED RANGE OF 0+ IMPLM>fTED INTO COPPER FILM 

4500- • 




O+ION ENERGY (keV) 



PROJECTED RANGE (A) 
LONGrrUDINAL STRAGGLING 



LATERAL STRAGGUNG 

FIG. 2 
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0+ IMPLANT PROFILES 




DEPTH (A) 

nW; SO l»V 

nM: lOOfceV 

— — nW-* 200 fcev 
— — nOO: 300 keV 

FIG. 3 
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P 1 052 689 A1 



300 keV O* IMPLANT: FLUENCE=^2.2 x 70'» cm ^ 



MASK 




Te+78 



5e-5 



-5e-5 -4e^ -3e-5 -2e-5 -7e^ 0 le-6 2e^ 3e^ 5e-5 

LATB^ 01SI>\NCE (cm) 



F/G,4 
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P 1 052 689 A1 



so keV O* /MPLANT: FLUENCE=6.6 x lO'^ cm'^ 



MASK 




Se-S 



-5eS -4e-5 -3e-5 -2e-5 -Ie-5 0 Ie-5 2e-5 3e-6 4e-5 5e-5 

lATERAL DiSE^NCE (cm) 
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le-5-- 



E 
u 



2e-5-- 



r: 3e-5-- 



4e-5" 



5e-5 



MULT/PLE /MPIANTS AT 50, 7 00, AND 1 50 keV 

'MASK 



H 1 1 1- 




H 1 1- 



5e-5 -4e-5 -3e-5 -2e-5 -7e-5 0 7e-5 2e-5 3e-5 4e-5 5e-5 

lATBiALDeiANCE(cm) 



FIG. 6 
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WINDOW 
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